Introduction
============

Osteoporosis is a disorder characterized by low bone quantity, as well as the deterioration of bone quality, both of which increase the risk of fracture^[@B1])^. The disorder has become a major public health concern due to the high prevalence and high healthcare costs associated with it. Osteoporotic vertebral fracture is the most common osteoporotic fracture, accounting for nearly 50% of all osteoporotic fractures^[@B2])^. In addition, the incidence of osteoporotic vertebral fracture is increasing as the population ages, regardless of ethnicity^[@B3])^. Most cases of osteoporotic vertebral fracture can be managed conservatively; however, approximately 3% develop osteoporotic vertebral collapse (OVC) with neurological deficits, which severely affects not only the activities of daily living, but also the quality of life^[@B4],[@B5])^. Multiple studies have shown that spinal fusion and vertebral column reconstruction using various surgical techniques could improve the neurological deficits from OVC^[@B6]-[@B10])^. Thus, it is widely accepted that such patients should be treated surgically to allow patients an early return to daily life activities.

Proximal junctional kyphosis (PJK) due to the proximal junctional fracture (PJFr) is a major concern after corrective surgery for adult spinal deformity (ASD)^[@B11],[@B12])^. Its incidence is about 30% within 2 years^[@B11])^ and osteoporosis severity is a strong risk factor^[@B12])^. In OVC surgery, surgeons need to correct the kyphotic deformity from OVC and fix the spinal column rigidly with multilevel instrumentation^[@B6],[@B7])^. Therefore, PJFr following surgery for OVC can also be a serious concern, in ways similar to surgery for ASD. However, to the best of our knowledge, the potential risk factors, as well as the incidence of PJFr following surgery for OVC, have yet to be fully defined. Based on this, the aim of current study was to identify the incidence and independent risk factors of PJFr, following surgically treated OVC.

Materials and Methods
=====================

Study design
------------

This study retrospectively analyzed registry data collected from facilities belonging to the Japan Association of Spine Surgeons with Ambition (JASA) in 2016. The institutional review board of all institutions reviewed and approved this study. We included patients who suffered osteoporotic vertebral fracture below T10 and had neurological deficit due to delayed OVC. Other inclusion criteria were corrective surgery for the neurological deficit, a follow-up of at least 2 years after primary surgery, and an agreement to participate in our study. Patients underwent decompression without fusion surgery, while those in whom perioperative information could not be completely determined were excluded in this study. Thus, 405 patients were registered for this multicenter survey. From this database, two patients were excluded, due to being treated with vertebroplasty without any instrumentation. A final total of 403 patients were enrolled in this study.

The patients with PJFr
----------------------

In the current study, to assure enough number of the patients for reliable statistical analysis, PJFr was defined to include a fracture of an upper instrumented vertebra and a proximal adjacent vertebra to the instrumented vertebra. PJFr was detected by the senior spine surgeons using plain radiography or computed tomography at the regular check-up after surgery, or when the patients complained of back pain.

Potential risk factors
----------------------

Data for potential risk factors relating to PJFr were evaluated. Patient factor such as age, sex, patients body mass index (BMI), osteoporosis severity, and the level of the original vertebral fracture, as well as operative factors such as surgical approach, number of fused segments, level of upper instrumented vertebra (UIV), and level of lower instrumented vertebra (LIV) were collected from medical records. Osteoporosis severity was evaluated using preoperative lateral lumbar plain radiography. Classification was applied to all patients using the 4-grade scale as follows: Grade 0: presence of dense vertical and horizontal trabecular bone; Grade I: presence of clear vertical trabecular bone, but unclear horizontal one; Grade II: presence of rough vertical trabecular bone; Grade III: presence of unclear vertical trabecular bone. In addition, preoperative data on bone mineral density (BMD) evaluated by dual-energy x-ray absorptiometry (DXA) from the hip and/or lumbar regions were collected. The operative approach was divided into the following three types: anterior, posterior, and combined. The operative approach, procedure, length of fusion, and indication of surgery were decided according to the individual strategy of the physician\'s institution.

Clinical outcomes
-----------------

All patients were evaluated for surgical outcomes before surgery and at the final follow-up, using the Frankel performance grade. To evaluate the severity of paralysis due to OVC, the Frankel performance grade was assessed as follows: Grade A: complete neurological injury; Grade B: preserved sensation only; Grade C: Preserved motor but nonfunctional; Grade D: Preserved motor, functional; Grade E: Normal motor function^[@B13])^.

Statistical analysis
--------------------

Chi-square tests or Fisher\'s exact test (as appropriate) for categorical variables, and Mann-Whitney U tests for continuous variables were used to compare patients with and without PJFr on univariate analysis. Additionally, the residual analysis was performed following the chi-square test. The result of residual analysis was described as p \< 0.05 when the adjusted \|r\| of variables was \> 1.96, according to the Haberman\'s method^[@B14])^. To calculate independent predictive factors for PJFr, variables such as age, osteoporosis severity, level of UIV, level of LIV, number of fused segments, and surgical approach were included in the multivariate logistic regression model. In this analysis, patients with PJFr were set as a dependent variable. Adjusted odds ratio (aOR) and 95% confident intervals (CI) of the dependent variables were calculated. Finally, as sub-analysis using the patients with DXA data, the receiver operating characteristic (ROC) curves were plotted to investigate the cut-off values of BMD to predict PJFr. The area under the curve (AUC) and 95% CI were calculated. An AUC of 0.5 indicates chance performance, 0.5 to 0.6 indicates bad predictive ability, 0.6 to 0.7 indicates sufficient predictive ability, 0.7 to 0.8 indicates good predictive ability, and 0.8 to 1.0 indicates excellent predictive ability^[@B15])^. The cut-off value was defined as the point corresponding to the maximum sum of the sensitivity and specificity. All analyses were performed using SPSS computer software (version 23; SPSS, Chicago, IL, USA). A *p* \< 0.05 was considered statistically significant.

Results
=======

Upon assessment of the 402 patients, 63 patients (15.6%) experienced PJFr, 38 patients showed fracture of an UIV, and 25 patients showed proximal adjacent vertebra to the instrumented vertebra within a mean follow-up term of 45.7 months. The mean age of the patients was 73.8 years; 331 patients (82.1%) were women, ([Table 1](#t001){ref-type="table"}).

###### 

Univariate Analysis of Patient Characteristics.

                       Overall       PJF (+)      PJF (−)       p-value^\#^
  -------------------- ------------- ------------ ------------- -------------
  Number of patients   403           63           340           
  Age                  73.8±7.8      74.9±8.1     73.6±7.8      0.238^†^
  Sex                                                           0.724^‡^
  Women                331 (82.1%)   53 (84.1%)   278 (81.8%)   
  Men                  72 (17.9%)    10 (15.9%)   62 (18.2%)    
  BMI                  22.6±4.4      22.5±3.9     22.6±4.5      0.872^†^
  Follow up (months)   45.7±20.7     45.0±20.1    45.8±20.8     0.772^†^
  Osteoporosis grade                                            0.019^‡^
  0                    25 (6.2%)     2 (3.2%)     23 (6.8%)     
  I                    153 (38.1%)   15 (23.8%)   138 (40.6%)   \<0.05\*
  II                   170 (42.3%)   37 (58.7%)   133 (39.1%)   \<0.05\*
  III                  53 (13.2%)    9 (14.3%)    44 (12.9%)    
  OVC level                                                     0.002^‡^
  T10                  16 (4.0%)     0 (0%)       16 (4.7%)     
  T11-L2               311 (77.2%)   42 (66.7%)   269 (79.1%)   \<0.05\*
  L3-L5                76 (18.9%)    21 (33.3%)   55 (16.2%)    \<0.05\*

^\#^: p-value calculated by the comparison between groups with and without PJF

^†^: t-test, ^‡^: Chi-square test, \*: post-hoc residual analysis

PJF: proximal junctional fracture, BMI: body mass index, OVF: osteoporotic vertebral collapse

Comparison of patient characteristics
-------------------------------------

There were no significant differences between patients with and without PJFr, mean age (p=0.238), proportion of men and women (p=0.724), BMI (p=0.872), and follow-up period (p=0.772, [Table 1](#t001){ref-type="table"}). Osteoporosis severity was significantly higher in patients with PJFr than without PJFr (p=0.019); there were significantly more patients without PJFr in grade I (23.8% vs 40.6%, p \< 0.05), while patients with PJFr were significantly higher in number in grade II (58.7% vs 39.1%, p \< 0.05) upon residual analysis. Likewise, the OVC level showed a significant difference between the two groups (p=0.002). The number of fractures at the thoracolumbar junction level was significantly low and the number of fractures at the lower lumbar level was significantly high in patients with PJFr, compared to that in patients without PJFr (p \< 0.05, respectively).

Comparison of surgical factors
------------------------------

Use of the posterior approach had the highest rate in patients both with and without PJFr, and there were no significant differences in surgical approach between the groups (p=0.338, [Table 2](#t002){ref-type="table"}). Likewise, the number of fused segments showed no significant differences (p=0.312). In terms of the level of instrumented vertebra, UIV levels showed no significant differences between two groups (p=0.128). Meanwhile, LIV levels were significantly different (p=0.004): the patients with PJFr showed a significantly higher number of LIV extended to the sacrum and significantly lower in the thoracolumbar junction (p \< 0.05, respectively).

###### 

Univariate Analysis of Surgical Factors.

  ----------------------------------------------------------------
                             PJF (+)\     PJF (−)\      p-value
                             n=63         n=340         
  -------------------------- ------------ ------------- ----------
  Surgical approach                                     0.338^‡^

  Anterior                   1 (1.6%)     18 (5.3%)     

  Posterior                  58 (92.1%)   292 (85.9%)   

  Combined                   4 (6.3%)     30 (8.8%)     

  Number of fused segments   3.7±1.4      3.9±1.8       0.312^†^

  UIV                                                   0.128^‡^

  Thoracic (-T10)            23 (36.5%)   172 (50.1%)   

  Thoracolumbar (T11-L2)     34 (54.0%)   149 (43.8%)   

  Lumbar (T3-L5)             6 (9.5%)     21 (6.2%)     

  LIV                                                   0.004^‡^

  Thoracolumbar (T11-L2)     22 (34.9%)   170 (50.0%)   \<0.05\*

  Lumbar (T3-L5)             33 (52.4%)   155 (45.6%)   

  Pelvis (S1-)               8 (12.7%)    13 (3.8%)     \<0.05\*
  ----------------------------------------------------------------

^†^: t-test, ^‡^: Chi-square test, \*: post-hoc residual analysis

PJF: proximal junctional fracture, UIV: upper instrumented vertebra, LIV: lower instrumented vertebra

Comparison of clinical outcomes using Frankel grade
---------------------------------------------------

Regarding the Frankel grade, in patients with PJFr, one patient (1.6%) deteriorated, 29 patients (46.8%) showed the same grade, and 33 patients (52.4%) improved; while in the group without PJFr, seven patients (2.1%) deteriorated, 156 patients (46.4%) showed the same grade and 175 patients (52.1%) improved. There was no significant difference between two groups (p=0.848, [Table 3](#t003){ref-type="table"}).

###### 

Clinical Outcomes Using the Frankel Classification.

                     PJF (+) group, n=63       PJF (−) group, n=340                                   
  -------------- --- --------------------- --- ---------------------- --- --- --- --- ---- ----- ---- ---
  Preoperative   A   0                     0   0                      0   0       0   0    0     1    0
  B              0   0                     0   0                      0       0   1   3    2     1    
  C              0   0                     5   23                     1       2   2   10   102   15   
  D              0   0                     1   20                     9       0   1   3    115   52   
  E              0   0                     0   0                      4       0   0   0    0     30   

Darker gray indicates patients who deteriorated in grade in at final follow up.

Middle gray indicates patients with a stable grade at final follow up.

Blighter gray indicates patients improved grade at final follow up.

PJF: proximal junctional fracture, FU: follow up

Risk factors for PJFr
---------------------

Multivariate logistic regression analysis revealed that the grade of osteoporosis (grade 0 or I: reference, grade II or III: aOR 2.92, p=0.001), LIV levels (thoracolumbar junction: reference, sacrum: aOR 6.75, p=0.003) were significant independent factors for PJFr ([Table 4](#t004){ref-type="table"}). Age, UIV level, surgical approach, and the number of fused segments were not significant independent factors.

###### 

Multivariate Logistic Regression Analysis.

  Variables        Adjusted OR            p-value     95%CI   
  ---------------- ---------------------- ----------- ------- ------------
  Age              75\<                   Reference           
                   75≥                    1.16        0.614   0.66-2.04
  Osteoporosis     Grade 0 or I           Reference           
                   Grade II or III        2.92        0.001   1.54-5.51
  UIV              Thoracic (-T10)        Reference           
                   TL Junction (T11-L2)   1.22        0.618   0.56-2.69
                   Lumbar (L3-)           0.83        0.807   0.19-3.73
  LIV              TL Junction (T11-L2)   Reference           
                   Lumbar (L3-L5)         1.81        0.108   0.88-3.75
                   Sacrum (S1-)           6.75        0.003   1.93-23.65
  Approach         Posterior              Reference           
                   Anterior               0.30        0.268   0.03-2.56
                   Combined               0.52        0.265   0.17-1.63
  Fused segments   1, 2                   Reference           
                   3, 4                   1.18        0.695   0.51-2.76
                   ≥5                     0.71        0.566   0.22-2.28

Dependent variable was set as the patients with proximal junctional fracture.

OR: odds ratio, CI: confidential interval, UIV: upper instrumented vertebra, LIV: lower instrumented vertebra, TL: thoracolumbar

Cut-off value of DXA (sub-analysis)
-----------------------------------

The result of hip DXA was collected from 151 patients (27 patients with PJFr), while lumbar DXA results were collected from 56 patients (9 patients with PJFr). ROC analysis demonstrated that lumbar BMD was a significant factor with good predictive ability (AUC=0.72, 95%CI: 0.57-0.88, p=0.035, [Fig. 1](#g001){ref-type="fig"}), but that of the hip was not a significant factor (AUC=0.59, 95%CI: 0.49-0.69, p=0.228, [Fig. 2](#g002){ref-type="fig"}). The optimal cut-off value for predicting PJFr after primary surgery was 0.61 g/cm^2^ lumbar BMD (sensitivity, 76.5%; specificity, 58.3%).

![ROC analysis of the PJFr and BMD of femur.](2432-261X-3-0171-g001){#g001}

![ROC analysis of the PJFr and BMD of lumbar.](2432-261X-3-0171-g002){#g002}

Discussion
==========

The current study shows that PJFrs following surgery for delayed neurological deficits due to OVC were found in 15.6% of cases within 45.7 months of follow-up. Independent risk factors for PJFr were severe osteoporosis and fusion to sacrum, but not age, UIV revel, surgical approach, or number of fused segments. Furthermore, we demonstrated that lumbar DXA, but not hip DXA, might predict PJFr.

Osteoporosis is one of the greatest health concerns globally, because of the progression of aging in the world\'s population. In the United States, it is estimated that more than 9.9 million Americans have osteoporosis and an additional 43.1 million have low bone density^[@B16])^. In addition, about one out of every two Caucasian women will experience a fracture due to osteoporosis at some point in their lifetime^[@B17])^. Furthermore, the cost of osteoporosis management is expected to rise to \$25.3 billion by 2025^[@B18])^. A similar trend was reported in Europe^[@B19])^, Latin America^[@B20])^, the Middle East^[@B21])^, Africa^[@B21])^, and Asia^[@B22])^. Regarding osteoporotic vertebral fracture, a 50-year-old woman has a 16% chance of experiencing a vertebral fracture over her lifetime^[@B23])^, while a person experiencing one vertebral fracture has a one in four chance of having another fracture over 5 years^[@B24])^. Surprisingly, Taneichi et al. have reported that 30% of all osteoporotic vertebral fracture progress to a collapse, 13% to nonunion, and 3% to OVC with neurological deficits^[@B5])^. Although the incidence of OVC with neurological deficits is relatively low, the huge number of patients with osteoporotic vertebral fractures also leads to a huge number of OVCs. Therefore, elucidating the incidence and risk factors of specific complications following OVC surgery, aids the surgeon in planning the surgical strategy and deciding the preoperative and postoperative adjuvant therapies.

A PJFr that introduces PJK is also a major concern in the surgery for ASD. The risk factors are well-established such as older age, preoperative comorbidities, global imbalance, marked correction, low BMD, posterior approach rigid fixation, and fusion to sacrum^[@B12],[@B25])^. Compared to surgery for ASD, surgery for OVC generally requires relatively short segment fusions. However, all patients with OVC have osteoporosis as a comorbidity, which has been supposed to be a strong risk factor of PJFr. In the current study, the incidence of PJFr was 15.6% within a follow-up term of 45.7 months.

We demonstrated that the result of lumbar DXA may predict PJFr, but that of hip DXA could not. Eckstein et al. reported that the mechanical competence in the elderly is governed by strong regional variation^[@B26])^, which was validated by several another studies^[@B25],[@B27])^. Thus, the regional variation of DXA could be a key for the differences in the ability to predict fracture between hip and lumbar DXAs. However, valid application of our findings to the clinical setting has one caveat: patients with osteoporotic vertebral fracture tend to have one or more old vertebral fractures in their lumbar region, which introduces a falsely high BMD measurement. To overcome this limitation, it is recommended to measure the BMD of the vertebrae that are planned for UIV using a new technique, such as peripheral quantitative computer tomography, that can evaluate the BMD of specific trabecular bone^[@B28])^.

Multiple studies reported that the use of teriparatide is effective for prevention of postoperative adjacent vertebral fractures not only in vertebroplasty^[@B29])^, but also in surgery of OVC^[@B30])^. In addition, Yagi et al. reported that prophylactic teriparatide therapy improved volumetric BMD and fine bone structure at a vertebra adjacent to UIV after long fusion surgery^[@B31])^. Seki et al. demonstrated that the perioperative teriparatide therapy prevented adjacent vertebral fracture of UIV significantly more than bisphosphonates therapy after surgery for ASD^[@B32])^. These studies suggested the potential benefit of teriparatide as adjuvant therapy to prevent PJFr after OVC surgery. However, teriparatide therapy has a high cost, often \$50,000 to \$100,000 per year^[@B33])^. Therefore, though the current study did not include the data of postoperative teriparatide use, risk factors for PJFr following surgery for OVC and its cut-off value can be important data to select patients needing adjuvant therapy.

Although our results can provide beneficial information for surgeons and patients, this study has some limitations. First, the retrospective design did not allow elimination of certain bias such as selection bias. Important factors such as surgical indication, selection of surgical method, and the postoperative therapy, including the use of medicine for osteoporosis, can be affected by the retrospective nature of this study. In addition, as this study was conducted with data from multiple centers, the surgical procedure, surgical indication, and postsurgical therapy were inconsistent. Secondly, we did not include the global alignment, which is considered as a key factor related to PJK in ASD. Thirdly, though the total number was enough to provide reliable results, the number of patients with DXA data was relatively small. In particular, the small number of lumbar DXA (n=56) might not be representative of the whole sample of 403 patients. Finally, the clinical outcomes did not include the patient-oriented score, which makes it difficult to identify the impact of PJFr on the patient\'s health-related quality of life. Therefore, large-scale, prospective studies with solid strategies and surgical procedures are important to validate our findings.

Conclusion
==========

PJFr following fusion surgery for OVC was found in 15.6% cases with a mean follow-up term of 45.7 months, while the independent risk factors for PJFr were severe osteoporosis and extended fusion to the sacrum. In addition, the lumbar DXA cut-off value of 0.61 g/cm^2^ may potentially predict the PJFr, but the hip DXA was not predictive. Our findings could help surgeons to decide the perioperative adjuvant therapy as well as the surgical strategy to prevent PJFr following surgery.
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